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GaAs IC gets hot as 
market accelerates 
Alan Mills 
I Healthy growth prospects in the world of high-speed communications ensured there was a positive atmos- 
phere at the 19th Gallium Arsenide Integrated Circuit Conference (GaAs IC'97). The event, held in heat wave 
conditions, attracted around 450 delegates to Anaheim, California, USA. 
T 
he dr iv ing  forces behind 
most research into advanced 
technologies are the promise 
of improved device performance, 
lower costs per  function and, quite 
often, the opportunity for a com- 
pletely new range of applications 
or products. Recently, GaAs has 
been no except ion to this pattern, 
with the industry riding on the coat 
tails of developments and market 
growth in the cellular te lephone 
and wireless communicat ions 
markets. 
Device papers at GaAs IC'97 
covered a wide frequency range 
(500 MHz to 600 GHz), the latter 
being a 600 GHz IC frequency mul- 
tiplier reported by M. Kim of the 
Jet Propulsion Laboratory, a chip 
intended for teraherz receiver ap- 
plications. But, the majority of the 
papers presented were focused on 
the anticipated next generation IC 
markets centring on the 20 to 100 
GHz frequency range and the 10 
Gb.s d IC chips to support broad- 
band services on high speed net- 
works. These applications will 
generate future growth for GaAs 
ICs in new market segments. 
GaAs demand 
There is no doubt that GaAs IC 
markets are in a phase of almost 
explosive growth, with the IC mar- 
ket doubling between 1995 and 
1997. Growth rates of more than 
50% are also expected for at least 
the next two or three years - increas- 
es almost unheard of in the GaAs 
IC business ince its inception. 
In his invited paper 'GaAs 
Technology Rides the Wireless 
Wave', industry analyst Earl Lure of 
Dataquest outlined the impact this 
phenomenal  growth had made on 
the wafer industry. Lure said semi- 
insulating wafer 9roduction had 
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Figure 1. Global sales forecast for semi-insulating GaAs (source: Dataquest). 
grown from 3 million square inches 
(MSI) in 1994 to more than 5 MSI 
in 1996, with 42% of the growth 
occurring in 1996. During the same 
period, the 100 mm-wafer market 
segment nearly doubled on an area 
basis and became the largest vol- 
ume segment in this market, while 
the 75 mm wafer segment grew 
40%. Dataquesrs worldwide semi- 
insulating wafer revenue forecast, 
through 2000, is reproduced in 
Figure 1, and it forecasts a doubling 
in value in three years. This may 
see wafer manufacturers having to 
scramble to meet demand, but in 
spite of this obvious need, Lum 
noted that little attention was be- 
ing paid to the production of 150 
mm (6" inch) wafers at the 1997 
'GaAs MANTECH' conference. 
The wafer supply news, howev- 
er, may not be quite so depressing. 
Some GaAs wafer producers an- 
nounced the availability of 150 mm 
wafers at last year's MRS Spring 
meeting (see III- Vs Review, Vol. 10, 
No. 4, pp. 43) and indicated that 
sales were already taking place. 
The conversion to 150 ram-wafer 
production was not proving to be 
difficult, yields are good and wafer 
quality may even be improved. If 
this is really true, the wafer area 
produced could be increased by al- 
most 50% from the existing equip- 
ment and adequate wafer area will 
be available in time to meet the in- 
creased IC demand, with little or 
no cost increase on an area basis. 
Additionally, the move to 150 mm 
wafers already announced for 1998 
by Vitesse (see III-Vs Review, Vol 
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Figure 2. Global digital cellular telephone subscribers by technology in 1996 (source: Dataquest). 
10. No. 7,pp. 45) may also be a boon 
to the GaAs IC manufacturers.They 
will now be able to buy 'off the 
shelf' silicon-wafer processing 
equipment with 6" wafer handling 
capability, while gaining increased 
chip throughput and lower process 
costs at the same time. 
New GaAs IC markets 
With 133 million subscribers using 
cellular telephones by the end of 
1996 the cellular handset has be- 
come the first 'killer application' 
for the GaAs IC. Of this market, 
about 40% are digital units sup- 
porting several technologies 
whose relative 1996 market shares 
are shown in Figure 2.The GaAs ra- 
dio frequency (RF) device market 
grew by 32%, although discrete de- 
vices still make up 50% of the sales 
in this segment. Since mobile tele- 
phone use is continuing to grow at 
a healthy rate, the discrete share of 
the GaAs device market will de- 
cline rapidly. The leading manufac- 
turers, with their respective 
market share shown in brackets, in 
the cellular/PCS handset market 
are: Motorola (26.9%), Nokia 
(22.2%), Ericsson (12%), Panasonic 
(8%), and NEC (6%,). By 2001, 
Dataquest expects 180 million cel- 
lular units to be in service, a signifi- 
cant contribution toward GaAs IC 
market growth. 
Lum nominated the wireless lo- 
cal loop (WLL) as the next 'killer 
application' for the GaAs IC indus- 
try. This segment, also known as ra- 
dio in the loop (RITL), currently 
has a worldwide combined annual 
growth rate (CAGR) of 38.2% and 
meets the needs of the emerging 
countries that currently lack a ba- 
sic telephony structure. In the Asia- 
Pacific region, excluding the 
'tigers', WLL is expected to ring in 
with 65% CAGR. 
Following WLL, according to 
Lum, the next big GaAs IC oppor- 
tunity will come from the digital 
cordless handset. Most of the 
growth associated with this seg- 
ment will come from personal 
handyphone set (PHS) sales in the 
Japan and Asia-Pacific region, with 
forecast growth rates of 60% for 
this market segment. The single 
chip radio may be getting closer to 
reality, but it is still only 'on the 
horizon'. 
While the GaAs market is cur- 
rently very buoyant, Lum also 
pointed out that there are only 
four US-based companies that are 
significant players in the industry -
Anadigics, Triquint Semiconductor, 
Vitesse Semiconductor and, more 
recently, RF Micro Devices. These 
companies, Lure said, are the sole 
basis for the US financial communi- 
ty's view of the health of the GaAs 
Industry. He said that while they 
created a positive image in today's 
market, they operated in a very 
competit ive environment that 
could change rapidly. 
Phone opportunities 
Further emphasizing the current 
strength of the GaAs industry sce- 
nario was Yokitsu Furuya from 
NEC Corp, who described cellular 
telephone use in Japan and its 
change from a business to a per- 
sonal accessory. The recent rapid 
growth rates in the Japanese cellu- 
lar phone markets, shown in Figure 
3, are part of the growing GaAs IC 
demand and also partially responsi- 
ble for the early deployment in 
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Figure 3. Growth of the Japanese cellular phone market. 
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Japan of the next generation wide- 
band-code division multiple access 
(W-CDMA) mobile radio system. 
GaAs is expected to provide most 
of the RF ICs for these W-CDMA 
systems, including wide bandpass 
low power consumption ampli- 
fiers, because it provides high effi- 
ciency at low power levels. Should 
the evaluation of time division mul- 
tiplexing (TDMA) prove to be suc- 
cessful, additional GaAs ICs will be 
required for this application and 
for the W-CDMA standards, which 
have been proposed and accepted 
through the field test stage. The 
Japanese standards group is trying 
to get this technology accepted as 
a standard for international mobile 
telecommunications as part of the 
IMT-2000 standard. 
Jens Jakobsen from Tele- 
Danmark R&D described how the 
existing CATV lines and twisted pair 
cable in Europe and NorthAmerica 
will supply most of the future broad- 
band infrastructure access to the 
high-speed networks. GaAs and other 
III-V materials based components 
are normally applied in the optical 
and RF front-ends of these systems, 
in both switches and terminal 
equipment. The good news is that 
although silicon complementary 
metal oxide semiconductor (CMOS) 
technology is widely used for 
switching in today's equipment, 
the requirements for high band- 
width switches indicate that CMOS 
wide-bus applications will become 
impracticable. Thus, the use of 
GaAs VLSI with better reliability 
and lower power consumption, 
and potentially lower costs at the 
system level, will become the or- 
der of the day. In an example pro- 
vided by Jens, a GaAs chipset for an 
asynchronous transfer mode (ATM) 
switch, gave two to eight times 
better speed/ power ratios than a 
lower speed BiCMOS/CMOS com- 
bin-ation. Finally, Mark Howard from 
TERA Co rounded off the market 
picture and described how digital 
GaAs ICs will power their MTA su- 
percomputer and provide gigaflop 
operation per microprocessor. 
The next generation 
In the drive to make smaller and 
more efficient handsets, higher 
levels of integration and lower 
levels of complexity are being 
sought. Success here will bring 
lower cost cellular telephones 
with longer battery life. One step 
toward attaining these goals will 
be the reduction in operating volt- 
ages needed from two, for the pre- 
sent day metal semiconductor field 
effect transistor (MESFET) technol- 
ogy, to one for the next generation 
PHS. 
Taketo Kunihisa from the 
Matsushita Research Laboratory 
reported success in this direction 
with the development of a normally- 
off modulation doped FET (MOD- 
FET) power microwave monolithic 
integrated circuit (MMIC) for PHS 
uses. This AlGaAs fabricated FET 
power IC operates with a single 
3 V supply at 1.9 GHz, elimInating 
the need for a drain switch and a 
negative voltage generator IC. 
Therefore it will open the door 
for the manufacture of compact, 
low power dissipation, PHS 
handsets. 
Another step towards single 
voltage PHS operation was the de- 
velopment of a GaAs power ampli- 
fier reported by Masami Nagaoka 
from the Toshiba R&D Center. He 
reported that the company's 'p- 
pocket' MESFET power amplifiers 
operated with a power-added effi- 
ciency (PAE) of 37% and an output 
power of 21.1 dBm using a single 
2.4 volt source.And, in the highest 
power performance for a hetero- 
structure bipolar transistor (HBT) 
MMIC category, E. Mueller, from 
Siemens Corporate Research, de- 
scribed the development of M ~  
grown HBT IC amplifiers. These 
Siemens' ICs have probably achiev- 
ed the best PAE (62%) for 1.8 GHz 
personal cellphone applications, 
again operating with the benefit of 
a single 3 V source. With the devel- 
opment of these single voltage ICs 
it seems that this need for the new 
PHS systems has been met. 
Towards 10 Gb.s -1 
As network user numbers and data 
rates increase, the need for higher 
speed services also increases and 
this demand is requiring that both 
existing and new networks will need 
to be upgraded to 10 Gb.s 1 data 
rates to meet daily service require- 
ments.The ICs reported in a series 
of papers at GaAs IC'97 go a long 
way towards meeting these needs. 
In work funded by the 
European Commission within its 
GARDEN project, A. Nunez from 
the University of Las Palmas in 
Spain described the development 
of a 20 Gb.s d first in first out (FI- 
FO) high electron mobility transis- 
tor (HEMT) circuit for a 10 Gb.s d 
ATM 2x2 switch. Multi-parallel 
CMOS would be the competing 
technology, but these GaAs ICs of- 
fer several advantages - no cross 
talk within the chip; lower heat dis- 
sipation requirements; and a two- 
times speed power advantage. 
Extending the 10 Gb.s 1 technology, 
A. Metzger from University of 
California, San Diego, described the 
fabrication of a 10 Gb.s d 12x12 
cross-point switch using AIGaAs/ 
GaAs HBTs.With its aggregate data 
rate 0.12 of terabits/s, Metzger 
claimed one of the highest data 
rates reported fo r any IC, which in 
this case would be suitable for use 
in high speed optical fibre switch- 
ing networks. 
Also considering optical fibre 
uses, Yasuyki Suzuki from NEC 
Corp reported on the operation of 
50-GHz bandwidth base-band am- 
plifiers using GaAs HBTs. Suzuki 
and his co-workers used selective 
metallorganic-molecular beam epi- 
taxy (MO-MBE) to reduce the base 
contact resistance. Coincidentally, 
the f-max values were higher than 
for indium phosphide-based HBTs. 
With the resistive Darlington am- 
plifier achieving 54.7 GHz and a 
gain of 8.2 dB and the mirror 
Darlington amplifier 60 GHz with a 
gain of 6.2 dB, the authors claimed 
the widest bandwidths to date for 
lumped-amplifiers. 
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Table 1. Comparison of GaAs and SiGe RFIC costs. 
SiGe 
Device FET HBT HBT BiCMOS 
Feature size (pm) 0.5 2.0 0.5 0.5 
Starting material ($) 200 600 200 200 
Mask steps 12 14 28 32 
Photo cost ($) 1200 1400 2800 3200 
Raw cost ($) 1400 2000 3000 3400 
Wafer diameter (mm) 100 100 200 200 
Yield (%) 80 70 95 95 
Cost ($ /mm 2) 0.22 0.36 0.10 0.11 
Optical communicat ions are 
also driving the development  of 
high-speed GaAs circuits at the 
Rockwell International Science 
Center and K. Runge described the 
development  of several metal or- 
ganic chemical vapour  deposit ion 
(MOCVD) grown AIGaAs/GaAs 
HBT circuits. These included a 
40 Gb.s ] 4:1 mult iplexer (fastest 
reported), a 30 Gb.s -1 1:4 DeMUX 
and a clock and gain amplifier. 
GaAs MOSFETs 
In the last paper  of the plenary ses- 
sion, E Ren and co-workers from 
Bell Laboratories, Lucent Tech- 
nologies, described III-V materials- 
based metal oxide FET (MOSFET) 
devices with a range of modes and 
polarities that are now available. 
These gate oxides are based on gal- 
lium gadolinium (GaGd) dielectric 
materials and were obtained by 
electron beam co-deposit ion from 
a GaGd garnet source on to an ar- 
senic-free surface. Using this tech- 
nique, the fabrication of p- and 
n-channel and enhancement  and 
depletion mode GaAs-based MOS- 
FETs, enhancement  mode InGaAs 
MOSFETs and gallium nitride MOS 
diodes has been achieved. 
After an MBE pretreatment was 
given at 590-600°C to desorb the 
native ox ide ,  several oxide di- 
electrics were evaluated, namely 
alumina, silicon dioxide, magnesia 
and the gallium gadolinium combi- 
nation. Why the gadolinium? - "a  
pure sample happened to be lying 
around". Fortunately, this process 
produces low surface state densi- 
ties (in the 2xlO 1° range) indicat- 
ing that commercia l  compound 
semiconductor  MOSFET devices 
may soon eliminate the virtual sili- 
con monopoly.The mixed gadolini- 
um oxide also has a higher 
dielectric constant than silica, 
which could enhance the current 
driving capability of the device. 
Covering the latest processes, 
Jerry Wang from Hewlett-Packard 
described the first use of phase 
shifted deep ultraviolet l i thography 
to fabricate the O. 15 pm gate for an 
AlInGaAs on GaAs metamorphic-  
HEMT (MHEMT). Solid source MBE 
was used to deposit  the active lay- 
ers and the deep-UV exposure 
times were three to five minutes, 
compared  with one to two hours 
for electron beam lithography. 
Taiichi Otsuji f rom NTT System 
Laboratories described the fabrica- 
tion of an 80 Gb.s -1 mult iplexer IC 
using InAIGaAs on indium phos- 
phide materials. This 0.1 ~am gate 
length IC operated at 80 Gb.s ] up 
from the 64 Gb.s -1 previously re- 
ported. It appears that 100 Gb.s -1 
electronic ICs will be achieved in 
the not too distant future! 
SiGe for RF 
applications? 
In an invited paper  given by James 
Moniz from IBM's Electronics 
Division, the threat to GaAs RF ICs 
from the SiGe camp was presented 
on the basis of lower costs associ- 
ated with the addition of SiGe pro- 
cessing to CMOS ICs. Moniz said 
that RF GaAs ICs will continue to 
be preferred for some applications, 
but suggested that highly integrat- 
ed RF ICs will be the domain of 
SiGe technology, since the latter's 
IC costs will be lower.The estimat- 
ed costs for both GaAs and SiGe 
ICs, outlined in Table 1, reveal the 
former material costing two to 
three times that of the later on a $ 
per  square mm basis. By using the 
150 mm GaAs wafers now being 
introduced, however, the GaAs die 
costs would approximately halve. 
Under these circumstances, and 
considering the lower breakdown 
voltages of the SiGe ICs, the cost 
and per formance advantages may 
not quite be what they seem at 
first. SiGe is not the only material 
compet ing for the RF IC market, 
however, as compet ing silicon-on- 
insulator (SOI) devices are also ex- 
pected to be offered in 1998. 
The panel 
The conference was well sprinkled 
with panel discussions and vendor 
forums, some of which were thinly 
attended.A couple, however, added 
further insight into the markets 
and technology, and reinforced is- 
sues raised earlier in this report. In 
the 'Linear, Efficient, Portable PCS 
Power Amplifiers' session, the cost 
per formance battle was discussed. 
The consensus was that the cellular- 
PCS unit had become a consumer  
gadget market with a 50% growth 
rate driven by digital technology. It
is equally shared by GSM and TD- 
MA/CDMA standards with over 
300 million units expected to be in 
service by 2002. Thus, the market 
suffers from various consumer  dri- 
ven pressures; price, size, weight, 
lower packaging costs and perhaps 
a one-year life cycle, all leading to 
increased integration eeds. 
The considered opinion was that 
the IC per formance was already 
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Table 2. Comparison of device properties. 
Cost High Low High 
Linearity Good Good Best 
Efficiency Good Good Best 
Reliability ? Proven ? 
good enough to meet the specifica- 
tions, so that producers hould be 
concentrating on price.The eligible 
HBT, MESFEF and p-HEMT device 
technologies were considered, and 
a smmnary of their relative benefits 
is reproduced in Table 2. 
As the most mature technology, 
it is frequently assumed that the 
MESFET has the lowest cost. This, 
however, may not be the whole 
story since a single voltage supply, 
no DC to DC converter needs, die 
size and drain switch considera- 
tions could affect the final selec- 
tion of the original equipment 
manufacturer (OEM). In the USA, 
the need for dual band operation 
becomes an additional important 
consideration. But, the most impor- 
tant user feature would appear to 
be talk time, which only depends 
on the overall hand set efficiency. 
In this market even the high-cost 
p-HEMT ICs may still be cost com- 
petitive because of their smaller 
die size and their very low quies- 
cent and leakage current demand. 
In the '40 Gb.s d and Beyond' 
session, it was pointed out that 
25 channels become a terabit sys- 
tem when the signals are com- 
bined, and for such speeds the 
device technology has not yet 
been finalized. Electronic circuits 
up to 100 Gb.s 1 are feasible but 
the main problem here could be 
the packaging technology. Thus 
one needs short wires, high IC den- 
sity, low ground induction and a 
microstrip wiring environment. 
Above 100 Gb.s d, it was presumed 
that optical systems will prevail. 
To the satisfaction of the con- 
ference sponsors, both the session 
attendance level and the number 
of exhibitors were about 20% 
above the 1996 levels. Conference 
participation is expected to contin- 
ue to grow in the future because 
of the rapid growth in several 
GaAs IC market areas and in the 
increasing diversity of circuit appli- 
cations open to GaAs technology. 
GaAs substrates and epitaxial wafers 
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